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Abstract 
This work focuses on the modification of feedwater control system (FWCS) which is one of three major control 
systems in Lungmen RETRAN model. The Lungmen RETRAN model is established for predicting transient 
responses for Lungmen ABWR that is the fourth nuclear power plant in Taiwan. Through step disturbance and 
adjustment of gains for PI controllers in FWCS, the capability of FWCS will meet the test criterion. The optimum 
gain of proportional controller is 2.7 while the optimum gain of integral controller is 0.03375 for the master level 
controller. In addition, an analysis of loss of feedwater flow transient is performed as an application with the 
modified model, which can provide a more accurate simulation. We can estimate the severity of a transient through 
the analysis result. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
Lungmen nuclear power plant is the fourth nuclear power plant in Taiwan, consisting of two identical 
Advanced Boiling Water Reactors (ABWRs) with 3926 MWt rated thermal power and 52.2×106 kg/hr 
rated core flow. The RETRAN-3D code is designed for best-estimated evaluation of light water reactors 
and has been approved by United States Nuclear Regulatory Commission. This code is one of the major 
thermal-hydraulic analysis codes applied by Institute of Nuclear Energy Research and National Tsing Hua 
University to predict transient behaviors of anticipated operational occurrences (AOOs). A one-
dimensional Lungmen RETRAN model has been developed with three major control systems: (1) 
Feedwater Control System (FWCS), (2) Steam Bypass and Pressure Control System (SBPCS), (3) 
Recirculation Flow Control System (RFCS). This work focuses on the modification of FWCS, and some 
important gains of PI controllers are decided through step disturbance analysis. Furthermore, the modified 
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model is employed to analyze the loss of feedwater flow transient, which is one of the AOOs. The 
feedwater flow is tripped manually in the FWCS to simulate a loss of feedwater flow. 
2. Methodology 
2.1. The RETRAN model of Lungmen ABWR 
Before application of the RETRAN-3D code, the related RETRAN model has to be established. The 
one-dimensional Lungmen RETRAN model is based on PDM [1], RETRAN user’s manual [2] and FSAR 
[3]. Figure 1 depicts the RETRAN nodal diagram for Lungmen ABWR, which comprises 91 control 
volumes, 120 junctions, and 50 heat conductors. Control volumes simulate the fluid regions in reactor 
pressure vessel and in steam lines, while junctions simulate the flow paths between control volumes. The 
reactor pressure vessel is divided into lower plenum region, core region, upper plenum region, separator 
region, downcomer region etc.. There are 10 reactor internal pumps (RIPs) located in the annular region 
of the lower downcomer, and these RIPs are classified into 3 groups in the RETRAN model. The group 1 
and group 2 both contain 3 pumps which are powered through Motor-generator sets, while the group 3 
contains 4 pumps that are powered directly through a 13.8 KV bus. Every group has a common suction 
and discharges the coolant into the lower-lower plenum. 4 steam lines are lumped into an equivalent 
steam line which is divided into 6 control volumes precisely to get a well simulation for the transfer of 
pressure waves. There are 18 safety relief valves installed on the steam line and each valve can be 
operated in safety function or in relief function. The steam released through safety relief valves will be 
dumped into the suppression pool which is modeled by a huge control volume to simulate a hot sink. 
 
Figure 1.The nodal diagram for Lungmen RETRAN model 
2.2. The optimum gain study for FWCS 
The primary function of FWCS is to regulate the feedwater flow into the reactor pressure vessel to 
maintain vessel water level within operation limits. FWCS provides logic for controlling the supply of 
feedwater flow in response to automatic or manual control signals. A fault-tolerant, triplicated, digital 
controller employs water level, feedwater flow, and steam flow signals to form a three-element control 
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strategy to accomplish this function. When the feedwater flow signal or the steam flow signal is not 
available, single-element control based on the water level is employed. Figure 2 illustrates the FWCS 
control block modeling for Lungmen RETRAN model. It contains the master level controller (MLC); the 
master flow controller (MFC) and the loop trim controller (LTC). A level error signal is sent to the MLC 
and converted to a flow signal required to compensate a level error. The MFC receives a flow error signal 
which is composed of a required feedwater flow signal from the MLC and a mismatch signal between the 
sensed feedwater flow and the sensed steam flow. The output of the MFC is the main feedwater flow 
demand and is sent to the LTC. Through the proportional feedforward control of the LTC, gain of the 
main feedwater flow demand signal is adjusted and then sent to downstream control blocks. 
There is an important test criterion for FWCS as follows: 
• During the water level step disturbance, the maximum time to settle to within ± 5% of final value must 
equals to or less than 73 seconds. 
Since there is a MLC involved in FWCS, it is apparent that gains for PI controllers of the MLC will 
affect the capability for regulating feedwater flow as the setpoint of water level changed. Therefore, the 
combination of gains is changed for testing and then the optimum gains are decided. Similar studies for 
other control systems of the Lungmen RETRAN model have been performed [4]. By determination of the 
optimum gains, the FWCS complies with the test criterion and the accuracy for the simulation of dynamic 
responses is improved. 
 
Figure 2. The feedwater control block modeling for Lungmen RETRAN model 
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3. Results
3.1. The water level step disturbance analysis for FWCS 
The water level step disturbance began by increasing the normal water level setpoint for 15 cm with 
the initial condition of 100% rated power/100% rated core flow. As the normal water level setpoint 
increased, the mismatch between the sensed water level and the water level setpoint raised. It resulted in 
the increase of feedwater flow. Meanwhile, positive reactivity was added due to ascent of the core inlet 
subcooling, which led to ascension of the core power. Whole transient ended and another steady state was 
reached by the regulation of FWCS.  
The combination of gains for MLC was changed to observe the water level response while τ of the PI 
controller is maintained constant. The analysis results are listed in Table 1, where kp denotes the gain for 
proportional controller and ki denotes the gain for integral controller. The settling time will meet the 
criterion as kp equals to or larger than 2.7, but a larger kp will accompany with a larger maximum peak 
overshoot. Therefore, the optimum gains are kp equals to 2.7 and ki equals to 0.03375. Moreover, the 
trends of water level response are shown in Figure 3. 
3.2. Loss of feedwater flow analysis 
The Lungmen RETRAN model with the modified control system is applied to analyze the loss of 
feedwater flow (LOFW) transient, which may occur from feedwater pump failures; loss of off site power, 
operator errors etc.. The initial condition is 100% rated power/100% rated core flow. After the transient 
began, feedwater flow terminated approximately in 5 seconds. The neutron flux and dome pressure 
reduced due to the decrease of core inlet subcooling. As the neutron flux declined, the turbine steam flow 
started to drop off because the pressure regulator intended to maintain pressure during the first several 
seconds. The vessel water level dropped and then the low water level scram setpoint was reached, 
whereupon the reactor was shut down and four RIPs were tripped. The vessel water level continued to 
drop until the low-low water level setpoint; the remaining six RIPs were tripped. Subsequently, the 
reactor core isolation cooling system operation was initiated, and then the vessel water level would 
stabilize steadily. The analysis results are shown in Figure 4. 
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Figure 3. Water level responses for step disturbance 
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Figure 4. LOFW transient responses 
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Table 1 Water level step disturbance for FWCS 
τ (τ= kp/ki) kp ki Max peak overshoot (%) Settling Time (sec.) 
80 1.0 0.00125 26.83 139.2 
80 2.0 0.025 23.23 87.8 
80 2.5 0.03125 23.17 75.6 
80 2.6 0.0325 23.33 73.7 
80 2.7 0.03375 23.49 72.0 
80 2.8 0.035 23.65 70.4 
80 2.9 0.03625 23.78 69.0 
80 3.0 0.0375 23.88 67.7 
Optimum value 2.7 0.03375 23.49 72.0 
 
4. Conclusions 
This work focuses on the modification of FWCS. In the water level step disturbance analysis, some 
combinations of gains for MLC are employed for testing. The analysis results show that the water level 
response is acceptable if kp is larger than 2.7, and the optimum gains are determined that kp equals to 2.7 
and ki equals to 0.03375. Furthermore, the Lungmen RETRAN model with the modified control system is 
applied to analyze the LOFW transient. The reactor would scram and the transient would be mitigated by 
the operation of control systems. With a reliable model we can predict the transient behavior and estimate 
the severity of a transient. 
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